Recently, the size of semiconductor devices has become as small as 50 nm due to advanced micro-fabrication technology. Size reduction has improved device performances considerably. However, this approach is reaching the practical limit caused by the quantum effects and leakage currents. Thus, it is necessary to develop devices based on alternative operation principles.
Introduction
Recently, the size of semiconductor devices has become as small as 50 nm due to advanced micro-fabrication technology. Size reduction has improved device performances considerably. However, this approach is reaching the practical limit caused by the quantum effects and leakage currents. Thus, it is necessary to develop devices based on alternative operation principles.
One concept for a promising semiconductor device is the in-plane gate (IPG) device [1, 2] . IPG devices can be operated as logic devices [3] , rectifier [4] , negative differential resistance device [5] and other functional devices. IPG devices with various functions can be integrated on the same wafer. In contrast to current field-effect transistors used in electronic circuits, the IPG devices have lateral gate structures. Furthermore, the gates are composed of the same semiconductor material as the channels. Therefore, the IPG structure can be fabricated by separating the gate area from the channel.
We investigated logic devices based on an in-plane double gate transistor connected in series with an IPG transistor functioning as variable load resistances. By using the IPG transistor as load resistances high Hi/Low ratio has been achieved, allowing the implementation of reliable logic operations. In this paper, we present the effect of the IPG transistor functioning as load resistances in IPG logic devices. In addition, we demonstrate monolithic IPG NOT-gate devices and it indicates IPG logic devices are suitable for the realization of integrated logic circuits.
Experimental Procedure
In-plane gate devices are fabricated on In 0.53 Ga 0.47 As/In 0.52 Al 0.48 As wafers grown by metalorganic vapor phase epitaxy. At the heterostructure interface, a two dimensional electron gas (2DEG) is formed. The 2DEG is located approximately 20 nm below the surface. The 2D electron density and mobility are 3.6×10 12 cm -2 and 6.8×10 
Results and Discussion

Operating Principle of IPG Logic Devices
The logic circuit of an in-plane double gate transistor (IPDGT) connected in series with another IPDGT working as a variable resistance is shown in Fig.1 . The input device is named IPDGT1, and the load device is named IPDGT2. The input signals V In1 and V In2 are applied to the left and right gate of IPDGT1, respectively. The output voltage V Out is applied to the gates of IPDGT2. The channel width and length of the IPDGTs are 90 nm and 600 nm, respectively. The bias voltage, the Hi-signal and the Low-signal are 1.0V and 0.0V, respectively. This IPG logic device operates as a NOR-gate as demonstrated in Fig. 2(a) . The operation of the logic device is explained as follows. When a Hi-signal is applied to each gate of the IPDGT1, its channel opens and V Out shifts to low voltage. After that, V Out is applied to the gates of IPDGT2 and its channel closes. As a result, V Out is close to 0.0V. When a Low-signal is applied to each gate of the IPDGT1, V Out becomes close to 1.0V.
When the gate voltage of IPDGT2 is clamped to either 0.0V or 1.0V, the input-output characteristics and the current through the channel of IPDGTs are shown in Fig. 2(b) . The logic device does not show high Hi/Low ratio outputs anymore and the power consumption becomes high. The power consumption of the logic device using an IPDGT as n d e d A b s t r a c t s o f t h e 2 0 1 1 I n t e r n a t i o n a l C o n f e r e n c e o n S o l i d S t a t e D e v i c e s a n d M a t e r i a l s , N a g o y a , 2 0 1 1 , p p 5 8 8 -5 
IPG NOT-gate devices
The logic device presented in the previous section is short-circuited the source and the gate terminal of IPDGT2 which have been separated by a trench. Therefore, by removing the trench separating source and gate of IPDGT2 the logic device geometry is simplified, while allowing the logic device operations. In addition, the wiring between two transistors can be removed. A NOT-gate is fabricated when one input-gate of NOR device is fixed to 0 V (GND). Figure 3(a) shows the NOT-gate circuit of an IPDGT connected in series with in-plane self-gating transistor working as a variable resistance. The bias voltage, the Hi-signal and the Low-signal are 1.0V and 0.0V, respectively. The input-output characteristic of the monolithic IPG NOT-gate device is shown in Fig. 3(c) . The Hi/Low ratio is high enough for reliable logic operations. In addition, this result is demonstrated that IPG logic devices are fabricated by forming trenches without wiring. It is because the source, drain and gate are in the same plane of the devices and it indicates IPG logic devices can be easily integrated with less wiring.
Conclusions
In-plane gate logic devices have been fabricated by using InGaAs/InAlAs 2DEG wafers. Logic devices are formed by an in-plane double gate transistor connected in series with an IPG transistor functioning as variable resistances. By using the IPG transistor as variable resistances high Hi/Low ratios have been achieved, allowing the implementation of reliable logic operations. Furthermore, the logic devices operate at low current in comparison to logic devices under a clamped gate voltage at the load device. In addition, because the source, drain and gate are located in the same plane, it is possible to fabricate the IPG logic devices by forming trenches without wiring. This leads to a considerable reduction of the number of terminals and wiring for the integrating of logic circuits. 
